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ABSTRACT 

This memorandum reviews the state of the art of 
electrocardiography, with emphasis on both wireless systems 
and computer data reductions. 
in combination with wireless telemetry, have been used in the 
past decade for systematic heart monitoring. 
program solicits the physician's intervention only in abnormal 
situations. Telemetry permits remote diagnosis or reasonably 
free motion for the patient. Such techniques appear to be in 
an advanced state of development and could be potentially 
applied in the Manned Space Program. 

Computerized electrocardiograms, 

The computer 
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Introduction 

More than seventy years ago, Professor William 
Einthoven developed the electrocardiograph. 
computerized electrocardiograms have been implemented in the 
medical field providing the physician with an automated system 
to monitor cardiac activity, and alert him to render service 
only when a heart malfunction is detected. These innovations 
in the medical field could reasonably be added to the manned 
space flight program. 
cardiographs, astronaut cardiac activity can be automatically 
monitored until a change in cardiac activity triggers the 
physician's attention. 

In the past decade 

With the computerization of electro- 

At present, many companies are researching and 
marketing electronic heart reading mechanisms for use in 
hospitals and medical centers. This memorandum reviews the 
state of the art of electrocardiography, with emphasis on 
both wireless systems and computer data reduction. 

Technological Advances in Electrocardioqraphology 

Angeles adopted the medical instrument techniques developed by 
NASA for its test pilots. The ambulance service attaches bare 
wires to the patient's chest thereby forming electrodes for 
monitoring the electrical activity of the heart. The informa- 
tion from these electrodes is relayed by short-wave radio and 
telephone lines to a Medical Center (in this case at UCLA). 
At the Medical Center, the information is utilized to derive 
a standard electrocardiograph record providing a visual 
display of the patient's heart activity for the waiting 
doctors. 

In 1968, the Szhaefera .a,n?,h?llknlce Service of Los 

Also in L o s  Angeles, the Myocardial Infarction 
Rescue Unit (MIRU) is operational. This electronic equipment 
is made by DALLONS INSTRUMENTS, a division of International 
Rectifier Corporation. MIRU consists of: a cardioscope to 
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d i sp lay  t h e  p a t i e n t ' s  h e a r t  a c t i v i t y ;  a h e a r t - r a t e  meter wi th  
alarm s e t t i n g s  t o  t r i g g e r  o the r  equipment when an extreme i s  
reached; and an elapsed-time meter t o  measure the  t i m e  between 
h e a r t  b e a t s .  The information from t h e s e  ins t ruments  i s  t r ans -  
m i t t e d  t o  t h e  h o s p i t a l  where diagnoses t a k e  p l ace  and remedial 
i n s t r u c t i o n s  a r e  re layed .  T h e  Myocardial I n f a r c t i o n  program 
enables  t h e  r e sea rche r  t o  command immediate d i s p l a y  of der ived  
parameters ,  correlograms,  histograms, tables, graphs,  etc.  , 
and vary t h e s e  func t ions  according t o  schemes of h i s  choice.  

D r .  P ipberger ,  head of t h e  Veterans Adminis t ra t ion 
Hosp i t a l  Research Support  Center,  M t .  A l to ,  and co-workers 
have developed screening  tests f o r  automatic ana lyses  of 
e lec t rocard iograms.  
t o  d i g i t a l  information which i s  f e d  i n t o  t h e  computing devices  
fo r  d i s p l a y ,  a n a l y s i s  , and recogni t ion  o f :  

The h e a r t  p u l s e  of t h e  p a t i e n t  is  converted 

1. 

2 .  

3 .  

4. 

The dura t ion  of t h e  P waves - is  measured t o  d e t e c t  
abnormal i t ies  i n  the pacemaker, which is  a group of 
t i s s u e s  wi th  certain n a t u r a l  rhythm l o c a t e d  near  
t h e  atr ium of the h e a r t .  

The PR i n t e r v a l ,  measuring the t i m e  between a u r i c l e  
and v e n t r i c l e  con t r ac t ion .  This is t h e  conduction 
t i m e  from pace maker t o  t h e  v e n t r i c l e .  

The QRS d u r a t i o n  measuring t h e  t i m e  needed f o r  the 
v e n t r i c l e  t o  con t r ac t .  

The QT i n t e r v a l  measuring the t i m e  from v e n t r i c l e  
con t r ac t ion  t o  r e p o l a r i z a t i o n .  

Furthermore, with  t h i s  information stored, l a rge - sca l e  s ta t is-  
t i c a l  s t u d i e s ,  epidemiological  i n v e s t i g a t i o n s  and mass sc reen ing  
programs can be f a c i l i t a t e d .  

C e s a r  A. Caceres of t he  U. S. Pub l i c  Hea l th  Se rv ice ,  
Head of the Heart Disease C o n t r o l  Program a l s o  pioneered i n  
t h i s  f i e l d  a s  d i d  D r .  Pipberger.  D r .  Caceres d i g i t i z e d  the  
s i g n a l  complex of the P-QRS-T a t  a frequency of 6 2 5  cyc le s  p e r  
second. The fo l lowing  1 8  parameters are measured, analyzed 
and may be reported on an on- l ine  (real t i m e )  basis: amplitude 
of P ,  Q ,  R, S ,  T,  U ,  ST onse t ,  ST m i d ,  ST end, du ra t ion  of P ,  
Q ,  R, S, T, S-T, PQ, QT, P-R* 

The P u b l i c  H e a l t h  Serv ice  developed a computer 
program t o  measure such wave f o r m s  of the ECG. 
comparison of these amplitudes and du ra t ions  w i t h  s tandard  

Through a 
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t a b l e s ,  abnormal i t ies  can be pinpointed and c o r r e c t i v e  measures 
taken immediately. 

ELECTROCARDIOGRAM 

ARTERIAL AND I VENOUS PRESSURE 

TEMPERATURE 

I RESPIRATION 1 7 

T h e  computer d i s p l a y s  d a t a  a t  a d i s t a n t  l o c a t i o n  thereby f a c i l i -  
t a t i n g  remote monitoring. 
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Hewle t t -Packard  manufactures t h e  Model 7893A 
Monitorscope which provides a l a r g e  screen w i t h  va r ious  sweep 
speeds.  Thei r  Model 7825A Trend Recorder provides  a 24-hour 
record of one t o  fou r  d i f f e r e n t  variables.  Thus, t h e r e  e x i s t s  
w i d e  f l e x i b i l i t y  i n  c h a r t  format. T o  i n s u r e  r e l i a b l e ,  unattended 
recording,  t h i s  u n i t  provides  permanent e lectr ic  w r i t i n g  record- 
ings .  When t h e  Trend Recorder is  combined wi th  an arrhythmia 
monitor measuring width of t h e  o v e r a l l  pu l se  (QRS), a system 
providing t h e  necessary alarms and a permanent record  of t h e  
p a t i e n t ' s  abnormal h e a r t  bea t s  is r e a l i z e d .  

Research i n  e lec t rocard iograph  readings  i s  a l so  

This  t i n y  

pursued i n  Europe. The T .  E .  M. Ins t ruments  Ltd. of Sussex, 
England, developed a device f o r  au tomat ica l ly  record ing  hea r t -  
rate a c t i v i t y  over  a given per iod of each day. 
instrument  i s  known as SAMI/HR (Socia l ly  Acceptable Monitoring 
Instruments/Heart  R a t e )  and obta ins  i t s  s i g n a l  from two adhesive 
ches t  electrodes. E lec t ron ic s  World summarizes t h e  process:  

"The e lectr ical  h e a r t  b e a t  s i g n a l  i s  ampl i f ied  
and f i l t e r e d  by t h e  c i r c u i t s  i n  t h e  SAMI/HR and con- 
verted t o  a constant-current  charge pulse .  T h i s  
pu l se  i s  recorded i n  an e lec t rochemica l  i n t e g r a t o r  
o r  E - c e l l  (manufactured by the  Bissett-Berman C o r -  
po ra t ion  of L o s  Angeles).  T h e  E - c e l l  record ings  
may la te r  be recoded by an E - c e l l  r ep lay  machine 
t o  determine t h e  number of heart beats i n  a given 
pe r iod  of t i m e .  It 

A t  t h e  p r e s e n t ,  research on SAMI/HR i s  underway t o  estimate 
psychologica l  as w e l l  as phys ica l  stress. 

Marquette E lec t ron ic s ,  Inc . ,  of Montreal has developed 
and t e s t e d  another  ECG-Computer i n t e r f a c e .  T h i s  u n i t  records 
e lectr ical  impulses, completing a measurement i n  t e n  seconds. 
I t  au tomat ica l ly  records t r a c i n g s  from twelve leads  i n  t he  body 
i n  sets of threes on a single sheet of paper as c o n t r a s t e d  t o  
s i n g l e  t r a c i n g s  on a continuous r o l l  of paper. T h i s  u n i t  i s  
a l r e a d y  i n  use i n  t e n  U.  S. and Canadian h o s p i t a l s ,  and s i n c e  
it can be adapted for t ransmission over te lephone w i r e s ,  the  
data can p o t e n t i a l l y  be f ed  i n t o  a c e n t r a l  p rocess ing  u n i t .  

The appara tus  worn by t h e  monitored p a t i e n t  w a s  
designed by Lockheed A i r c r a f t  among others.  W i l l i a m  H. Tygart  
of Lockheed A i r c r a f t  i n  Atlanta  w a s  g ran ted  p a t e n t s  for a t r a n s -  
m i t t e r  and r e c e i v e r  w h i l e  E r n e s t  F u l l e r  obtained t h e  v e s t  pa t en t .  
When t h e  vest  i s  worn t h e  e l ec t rodes  are i n  p l ace  on t h e  t o r s o ,  
a r m s  and legs. Wires from e lec t rodes  run t o  t h e  t r a n s m i t t e r  on 
which a te lephone receiver can be placed.  Both t r a n s m i t t e r  and 
r e c e i v e r  a r e  po r t ab le .  T h e  r e c e i v e r  then  converts  t h e  aud ib le  



BELLCOMM, INC. - 5 -  

s i g n a l s  f o r  the e lec t rocard iograph  mechanism. S ince  no a c t u a l  
w i r e  connection i s  necessary,  t h e  p a t i e n t  can move f r e e l y  whi le  
t h e  doctor  can read  the  ECG and g ive  advice from a remote s i t e .  

Another such d a t a  t r a n s m i t t e r  was developed by 
Baganoff Assoc ia tes ,  I n c .  This telecommunications device 
permits  t ransmiss ion  of analog s i g n a l s  such a s  ECG, EEG, and 
o t h e r  psychophysiological d a t a  by convent ional  te lephone.  
device accommodates from one t o  e i g h t y  analog s i g n a l s  simul- 
taneously.  The u n i t  i s  a c o u s t i c a l l y  coupled w i t h  t h e  
telephone. 

T h e  

The United States P u b l i c  Heal th  S e r v i c e ' s  Medical 
Sys tems Development Laboratory (MSDL), p r e s e n t l y  guided by 
D r .  Donald R. Barnes, designed s p e c i f i c a t i o n s  used t o  produce 
an analog system inc lud ing  a submodule t h a t  t r a n s m i t s  d a t a  -- 
again  by s tandard  te lephone.  However, t h i s  d i g i t a l  a c q u i s i t i o n  
system incorpora t e s  ana log- to-d ig i ta l  conversion a t  t h e  t i m e  of 
record ing  and g r e a t l y  reduces processing t i m e .  Thus, l a r g e  
q u a n t i t i e s  of ECG readings  were t r a n s m i t t e d  over analog d a t a  
t ransmiss ion  l i n e s  (v ia  t h e  te lephone)  and analyzed by a d i g i t a l  
computer. The computer sends back d i g i t a l  measurements and an 
Engl i sh  language i n t e r p r e t a t i o n .  

If automated monitoring i s  d e s i r e d ,  a device  such a s  
t h e  E l e c t r o c a r d i o  Analyzer can be u t i l i z e d .  
Chemical's Humetrics Div is ion ,  t h i s  min ia tur ized  computer compares 
t h e  s u b j e c t s '  ECG p a t t e r n  wi th  se t ,  preprogrammed s tandards .  Upon 
d e t e c t i o n  of abnormal e l e c t r i c a l  a c t i v i t y ,  a warning s i g n a l  
flashes. P r e s e n t l y ,  t h i s  compact device i s  implemented by t h e  
L o s  Angeles White Memorial Medical C e n t e r .  

Developed by Thiokol 

An sly t i ca l  Advances 

A doc to r  i s  n o t  always a v a i l a b l e  when an ECG abnormality 
i s  de tec t ed .  A c o l l a b o r a t i v e  study w i t h  D r .  George D. B e i s e r  of 
t h e  H e a r t  I n s t i t u t e  has  y ie lded  a computerized a n a l y t i c / d i a g n o s t i c  
program. T h i s  program s c r u t i n i z e s  t h e  waveform of t h e  ECG i n  
q u e s t i o n  which i s  suppl ied  t o  it from a remote t e rmina l .  I f  a 
quick scan of t h e  heart a c t i o n  i s  d e s i r e d ,  only 200  waveforms/ 
second (each composed of twelve b i t s  of information)  need be 
t r a n s m i t t e d .  However, up t o  800/second h e a r t  pu l se  waves can 
be sampled a t  one t i m e  t o  permit an in-depth s tudy .  Following 
p rocess ing ,  a t e n t a t i v e  d iagnos is  i s  s e n t  back t o  the  t r a n s m i t t i n g  
s t a t i o n  provid ing  r a p i d ,  s tandard ized  i n t e r p r e t a t i o n  of t he  ECG. 
Furthermore,  research i s  underway t o  correlate symptoms of 
diseases w i t h  known remedies i n  one d a t a  bank a r e a  t o  i n s u r e  
t h e  most a c c u r a t e  d i agnos i s  without t h e  a s s i s t a n c e  of a physician.  
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Analysis of large amounts of electrocardiographic 
data can also prove burdensome due to the twenty-four hour 
acceptance of cardiac information. However, research is under- 
way at the Department of Medicine and Biomathematics at the 
Duke University Medical Center, North Carolina, to reduce the 
data yet increase the efficiency of analyses. 
Thompson and Max A. Woodbury have devised a computer program 
for representation of clinical data in multidimensional space. 
At present, it handles the data from the Myocardial Infarction 
Rescue Unit. If, for example, fifty patients were under 
observation, each person would be represented as a point in 
the n-dimensional space projected on a plane; where n equals 
the number of variables observed (such as: P-R intervals, 
abnormal rhythms, body temperature). Thereupon a quick glance 
at the graph could yield awareness of abnormalities and expe- 
dite diagnosis. Similarly, the mathematical concepts and 
programming machinery could be utilized to represent a single 
person over a period of time. Here, each dimension in the 
multidimensional space would refer to an observed variable. 

Howard K. 

Engineering Considerations 

The engineering considerations for a sophisticated 
cardio-monitoring system are important to insure efficiency. 
First, since instruments cannot usually be located adjacent to 
the computer, it is essential to thoroughly evaluate analog and 
digital techniques. 
design and implementation of remote operator consoles. These 
consoles must verify computer status, transmit identification 
information, enter data, and display immediate or final results. 
Lastly, a real-time monitor is essential if analysis programs 
and computations are to be permitted during continuous data 
acquisition. Generally, this monitor must be adapted to the 
specific task. 

A second consideration is based on the 

Summarizing Comment 

The state of the art of telemetered, computerized 
electrocardiography is advanced. It is evident that such 
techniques are potentially useful not only to monitor a 
patient's heart activities in order to diagnose cardiac malfunc- 
tion quickly, but also to observe the heart responses of men in 
potentially dangerous, awkward, or exotic environments. Compu- 
terized electrocardiography could readily be incorporated into 
the Manned Space Flight Program as an operational heart 
monitoring system. 

10ll-MJR-dly M. J. Reynolds 
Attachment 
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